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SNAPPING TURTLE LIFE HISTORY ON LACREEK REFUGE, SOUTH DAKOTA 
Abstract 
DONALD ARTHUR HAMMER 
Investigations of the snapping turtle population on Lacreek 
National Wildlife Refuge in south-central South Dakota were 
conducted during 1965-67. Turtles captured by trapping, 
"hooking", boxing nests and catching nesting females were measured, 
marked and released. Turtles were marked by toe-clipping, routing, 
flagging and tagging. Attaching a metal tag with a "pop-rivet gun" 
was the most successful marking technique. Molluscs (95 percent 
frequency) and vegetation (91 percent frequency) were the most 
important food items of 22 turtles captured on Valentine Refuge in 
north-central Nebraska. Bird remains were found in 23 percent of 
the stomachs. Recapture of marked turtles indicated that individual 
movement was not extensive and occurred primarily within a single 
water management unit. Mean distance moved per year was 0.57 miles 
and mean distance per day within the same year was 0.07 miles. 
Procedures for obtaining an index of turtle population size and 
annual changes based on counting nesting females by driving selected 
refuge dikes were considered reliable. Capture - recapture methods 
yielded a population estimate of 2415 adult turtles on Lacreek 
Refuge in 1967. Fifty-nine percent of turtle nests were destroyed by 
predators and hatchling emergence success was less than 20 percent 
in undisturbed nests. Predation upon hatchlings greatly reduced 
each year class the first three years of life. Reproduction 
within the refuge contributed little to maintenance or growth of 
the population during this study. Immigration of adults from 
downstream and immatures from upstream was considered an 
important factor in population growth. Studies of annuli in 
bony structures indicated that these may be useful as an aging 
technique. Measurements of recaptured adults and captive turtles, 
as well as evaluations of shield and long bone annuli suggested 
growth follows a sigmoid curve. 
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IN'J'JWDUCTION 
role in marsh ecology throuehout most of North America. However, 
bnsic information on reproduction, development, mortality, activity, 
behavior, ecological distribution and other facets of its life 
history is incomplete or nonexistent. AJso, its relat:lonships with 
other marsh inhabitc1nts have been ir.adequately studied. 
Previous investigations have been primarily concerned with 
food habits of snapping turtles. Pell (1941) concluded that this 
species was carnivorous in spring but largely herbivorous during 
sumraer. Examination of his data indicated that animal material 
was more frequently eaten in lakes cl1ercas plant material was more 
frequently eaten in marshes. Aquatic plants and fish were considered 
principal foods in studies reported by Lagler (1943) and Alexander 
(19113). liurghnrclt and Hess (1965) showecl that a form of food irn-
printing may be operative in this species, although innate preferences 
and subsequent experience might obliterate its effects. 
Observations reported by Lacreek Refuge personnel and other 
observers indicate that �ome \·!alerfowl predation by snnpping turtles 
occurs. Coulter (1957) reported that snapping turtle predation 
1 
Botanical names nre acconlinz to Fernald (1950); mammals 
accorc.li ng to ll�ll and l�cllson (1959); birds as per the luncrican 
OrnHholor,ist Union Clicc.:1:list (1957); fish, amphtbinns and reptiles 
af tcr Blair, et :11. (195 l) ; and invertebrates according to Eddy 
and l!odc:on (1961). 
losses were 10 and 13 percent of estimated duckling populations on 
two study areos in Maine. Consequently, snapping turtle control 
programs have been established on J.acreet RefuEe and other waterfowl 
production areas. 
Snapping turtle nests are preyed upon by mammalian predators. 
Errington (195 7) and others reported watching skunks systematically 
locate and destroy turtle nests on marsh and lake shores in many 
areas. Turtle-nesting areas on Lacreck Refuge are restricted and 
highly vulnerable to detectfon by mink (NusLcla vison), skunks 
(MephHis mephitis and Spi1ogale putorius) and raccoons (Procyon 
lotor). Early attempts to correlate snapping turtle nest predation 
with waterfowl nest predation at Lacrcek seemed to indicate that 
snapping turtle nests may act as a buffer during the early waterfowl 
nesting season (Lacreck Refuge - unpublished report) . 
This study was designed to obtain necessary life-history data 
on snapping turtles before initiating a itudy of snapping turtle -
nest predator - waterfowl relationships. Objectives were: (1) to 
make a limited food habits investigation, (2) to devise a technique 
for measuring annual trends of turtle populations, (3) to determine 
the snnpping turtle population on Lacreek Refuge, (4) to determine 
productivity of this population, and (5) to determine growth rates 
of snnpping turtles. 
Limited stucUt:)S were made in 1964 and 1965. Intc11sificd and 
expar.dcd investigations ,,,ere conducted <luring 19G6 and 1967. 
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DESCRIPTION OF STUDY AREA 
Investigations were conducted on Lacreck National Wildlife Refuge, 
Bennett County, South Dakota (Fig. 1). The refuge lies in a narrow 
basin along the northern edge of the Nebraska Sandhills. Numerous 
springs originating at the base of the sandhills flow into Elm Creek 
and Lake Creek_forming a constant, dependable water supply for the 
refuge. 
A system of dikes was constructed to impound incoming water in 
11 marsh and pool units after establishment of the refuge in 1935. 
Dike surfaces primarily consisted of clay materials, but fine sand 
dredeed from Lake Creek covered portions of dike number 2 and 
occurred in extensive spoilbanks along the stream. Water-control 
structures in each dike permitted precise water-level regulation and 
.maintenance of varying water depths in each pool. 
The refuge is located in th.e Souther:n Plateau division which 
consists of a series of benches and buttes underlain by Tertiary 
sandstones, siltstones and shale. Elevations range from 2800 to 
3600 feet and soils consist of deep to moderately-deep silt loams, 
loams and sandy loams. The Sand Hills division adjoining the refuge 
on the south consjsts of a series of rounded hills interspersed with 
low wet meadows, all of which is underlain by eolian sand . Soils 
consist of deep loamy sands and loose sands with elevations ranging 
from 3000 to 3600 feet (Hestin, et al. 1959). 
LOCATI0'.4 r.:t,P 
LACf�EEI( 
tlf,Tl('ll:.•.L \"!II OL � . . . I. E f;ffUCE 
ectmEtl cour,tY 
SOUTH DA!COTA 
:-:a1> of L .1CH.:C.-k lI 
�v-OL t:0.10 
�tiona] P'Jd]. · · 1 · · J f e R ('rug. e . 
4 
I. 
Precipitation, ranging from 14 to 18 inches annually, primarily 
occurs as gentle rains in spring and thundershowers during summer. 
Average annual air temperatures vary from 45 to 48 F and average 
frost depth is 25 inches (Westin, et al. 1959). 
Emergent vegetation consisted of cattail (Typha latifolia and 
T. angustifolia), bulrush (Scirpus validus and �· acutus) and arrm·1-
head (Sagitaria sp. ) .  A few scattered stands of giant reedgrass 
(Phragmites communis) occurred in one pool. Pondweeds (Potamogeton 
pectinatus, P. zosteriformis, P. americanus and f· Richardsonii) 
were major species of submergent vegetation. Horned pondweed 
(Zanichellia pallustris) ,  crowfoot (Ranunculus sp. ) ,  coontail 
(Ceratophyllum demersum) and bladderwort (Utricularia vulgaris) 
also grew in many pools. 
Dike vegetation was mostly western wheatgrass (Agropyron 
Smithii) and prairie cordgrass (Spartina pectinata) . Annuals, 
mainly .sunflower (Helianthus sp. ) ,  goldenrod (Solidago sp.) , fire­
weed (Kochia scoparia) and lambsquarter (Chenopodium sp. ) occurred 
in disturbed areas of the dikes and on sandy spoilbanks. 
Mink and raccoon were abundant throughout the refuge while skunk 
populations were low. Only two striped skunks and one spotted skunk 
were seen during three sunnners of work. Bullfrogs (Rana catesbiana) 
occurred in most of the water management units and muskrats (Ondatra 
zibethica) were plentiful throughout the refuge. 
5 
Potcntinl avinn predator populations vnriecl considerably cacl1 
year. Peak numbers of great blue herons (Ardca hei:odias) ranged from 
100 to 200 individuals. Black-crowned night herons (Nycticornx 
nycticora}:) varied from 275 to 1100 and American bitterns (Botnurus 
lentiginosus) peal:ed from 75 to 100 birds. American bittern estimates 
were probably low because of their secretive behavior. Herons and 
bitterns normally arrived at Lacrcek in mid-March and departed as 
l ate as mid-November, although peat r.umbers generally occurred in 
late June and early July. 
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PROCEDURES 
Initial work began with capture, measurement, marking and release 
of a few nesting female turtles during summer 1964. One nest was 
boxed that year and observed until hatchling emergence. Marking and 
nest boxing were continued in 1965. 
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Nesting turtles were captured by driving refuge dikes continuously 
from 4:00 a. m. to 10:00 p.m. during the nesting season . They were 
captured by hand, measured, marked and then released. 
Turtles were also captured in traps of large-mesh woven wire with 
a funnel entrance on one end and a hinged door on the other. Bait 
(carp, minnows, canned sardines, frogs and bird remains) was suspended 
in a wire basket a few feet behind the entrance. Traps were placed 
in water with a portion protruding above the surface to prevent 
captives from drowning. 
Large drift-fence traps were constructed at the entrance of Elm 
Creek and at the outlet into Lake Creek. The Elm Creek trap was 
essentially a barrier of 1 X 2-inch ,_,elded wire which guided turtles 
into small pockets that formed the actual trap. Airplane landing 
mats we�e used for the drift fence on Lake Creek with welded-wire 
enclosures on each side of the fence. Individuals were released 
so they were able to continue their original direction of tr�vel. 
Periodic inspection of the road surface in that area also provided 
information on turtles crossing and entering tlie refuge. 
Turtles were captured in shallow water by "hooking" from a 
canoe with a curved length of electrical conduit. Bottom probing 
to locate individuals was impractical because of large water areas. 
Carapace length and plastron length were believed to be the 
most accurate size criteria because of the definitive boundaries 
of these structures. Carapace length was measured over the 
contour from the anterior to the posterior edge. Width was 
measured from a groove between the marginal shields on each side 
across the contour between the second and third vertebral shields. 
Plastron length was the distance from the anterior to the posterior 
edge, while plastron width was the distance between the marginal 
shields on the ventral surface of the body . Precloacal distance 
was from the posterior edge of  the plastror. to the anterior edge 
of the anus. Longitudinal distance across the anal and femoral 
shields was the length of the posterior lobe of the plastron. 
Precloacal measurements were used to determine sex of adult 
turtles. The precloacal distance of males is greater than the 
length of the posterior lobe of  the plastron, but equal to or less 
8 
in females (Mosimann and Bider, 1960) . Sex was also determined by 
palpating for a penis-like structure within the cloaca. Tail length 
and width were greater in males than females but these visual 
observations were recognized only after considerable field experience. 
All turtles captured in 1964 and some in 1966 were marked by 
inscribing numbers in a vertebral carapace shield with an electrical 
drill. Positioning the drill bit at a 45 degree angle to the 
shield and removing outer keratinized shield layers produced 
clearly legible numbers. Extreme caution was necessary since the 
drill bit easily penetrated the shield and carapace resulting in 
profuse bleeding. 
Turtles were also marked by toe-clipping. The distal 
phalange was removed on hatchlings with a fingernail clipper and 
on adults with a bolt-cutter. Experiments with dyeing turtle 
embryos were carried out but were not successful because of 
embryonic fluid pressure (Evans, 1951) . Although very small sets 
were not commercially available tatooing of hatchlings may be 
another alternative to toe-clipping for marking small turtles. 
Metal tags attached through a small hole punched in a posterior 
marginal shield was the most successful marker for large turtles. 
A commercial "pop rivet" was placed in the hole, a tag slipped over 
the rivet, washers applied on each side and the rivet compressed 
with a commercial -"pop rivet gun". A small piece of slotted li;-inch 
sheet metal inserted between the tag and shield during application, 
permitted a loose connection allowing for additional carapace 
growth. 
Daily movements of some turtles were studied by attaching white, 
plastic bleach containers with a 10-foot lead of light nylon cord 
tied to a posterior marginal shield. This method allowed freedom 
of movement beneath the surface while containers floating on the 
9 
water were readily visible. In addition, small flags of colored 
plastic were attached to an anterior marginal shield of several 
turtles. A 10-inch piece of piano wire held the flag and made it 
visible when a turtle was feeding slightly below the water surface. 
Turtle nests were easily located shortly after the female's 
departure as liquid released by the female while digging produced 
an obvious wet spot. Small steel rods were placed 6 to 10 feet 
from each nest and nests were periodically rechecked throughout the 
summer (Fig. 2) . Complete eggs and egg shells were counted after 
nests were disturbed by predators or upon excavation the following 
spring. Types of egg destruction and other "sign" were noted in 
an attempt to ascertain the predator species involved (Rearden, 
1951). 
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Open-bottomed, wooden boxes with screen tops were placed over 
some undisturbed nest sites to prevent predation and capture newly­
emerged hatchlings. Young turtles were toe-clipped and released 
upon emergence except for six hatchlings from a nest in October 1965. 
These were kept in an aquarium, abundantly supplied with frozen 
minnows, and periodically measured until September 1966. 
A pen was built in a borrow pit where constant water level was 
maintained by seepage (Fig. 3) . A fine-mesh, welded wire fence 
encircled the pool five feet from water's edge. Potential predators 
and competitors (bullfrogs, muskrats, painted turtles (Chrysemys 
Figure 2. Marked nest on the roadway of dike number 8. 
Figure 3. Natural pen in the borrow pit below dike number 9. 
11 
picta) and snapping turtles) were removed before introduction of 
six yearling and 78 hatchling turtles in September 1966. Recapture 
was accomplished by draining the pond in August 1967. 
Stomach contents of 22 turtles captured in June and July 1965 
from two refuge lakes on Valentine National Wildlife Refuge in 
Nebraska were examined. Food items were recorded by frequency of 
occurrence since volumetric determinations of fish scales and snail 
shells would have been misleading (Knudsen and Hall, 1968). 
Long bones, vertebrae, otoliths and portions of the carapace 
from 27 turtles were examined for evidence of irregular growth 
patterns which might be correlated with age. Thin sections of bony 
material were easily cut with a circular saw blade mounted on a 
Dremel Hoto-Tool and a vise. Sections were decalcified in 
hydrochloric acid and cleared in hydrogen peroxide. 
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Bony material was stained by placing it in acetocarmine for two 
minutes and in formaldehyde for two minutes and then rinsing with 
distilled water. Sections were counterstained in picric acid for 
one minute, rinsed with distilled water and examined immediately. 
Ring-like formations were visible upon microscopic examination 
with transmitted light using either unstained or stained material, 
although staining facilitated ring detection. Since stain affinities 
and inherent contrasts were of short duration, microphotographs were 
obtained to record formations present in each section. 
RESULTS AND DISCUSSION 
Food Habits 
Plant material occurred in 21 of 22 turtle stomachs from 
Valentine Refuge (Table 1) . Pondweeds were most prevalent, 
occurring in 68 percent of the samples . Fish occurred in 20 of 
22 samples. Carp (Cyprinus carpio) appeared to be the most 
frequently eaten fish; however carp was used as bait in capturing 
these turtles. Northern pike (Esox lucius) was found in 27 percent 
of the samples while bones, feathers and eggs of passerine birds 
and of waterfowl were found in five samples, 23 percent. Waterfowl 
remains were probably blue-winged teal (Anas discors) and either 
mallard (Anas platyrhynchos) or gadwall (Chaulelasrnus streperus) . 
Portions of a small, painted turtle plastron were found in one 
sample. 
Molluscs, primarily snails, occurred in 68 percent of the 
samples and aquatic insects were present in 50 percent. Variable 
amounts of dead vegetation, pebbles and other debris were present 
in many samples. 
Alimentary tract contents of three turtles killed on Lacreek 
Refuge were also analyzed. Large amounts of plant material and 
fish, snail and bullfrog (larval and adult stages) remains were 
found in a turtle taken on June 30, 1965. Food items of a large 
male examined on August 11, 1965 were primarily plant materials but 
also included portions of two bullheads (Ictalurus melas) . Another 
13 
Ta,le l. Contents of 22 turtle stomachs collected in June and July from Valentine Refuge. 
food Item 
Vegeta'.:ion 
Potar::ogeton sp. 
Algae 
Polygonum sp . 
Le.ima sp. 
Scirpus sp. 
Tvnba sp. 
Sagitaria sp. 
�ropvron sp . 
Care:·: so. ---
1•!yriophyllum sp. 
linknown plants 
Fish 
Carp (Cyorinus carpio) 
�- pije (Esox lucius) 
Bass (Mic�er�s sp. ) 
Perch (Perea flavescens) 
Sunfish (Le;omis sp. ) 
Bullhead (Ictalurus sp. ) 
Shiner (Notropis sp . )  
No. of 
Samples 
15  
8 
6 
4 
3 
3 
2 
2 
1 
1 
2 
16 
6 
4 
4 
2 
1 
1 
Percent of 
Samples 
68 . 2  
36.4 
27. 3 
18 . 2  
13. 6 
13. 6 
9.1 
9. 1 
4. 5 
4.5 
9. 1 
72 . 8  
27 . 3  
18 . 2  
18. 2 
9.1 
4 . 5  
4 . 5  
..... 
.i:--
Table 1. (continued) 
Food Item 
Molluscs 
Snail (Physa sp. ) 
Snail (Planorbula sp. ) 
Snail (Gyraulus sp. ) 
Ostracods 
Snail (Amnicola sp.) 
Clam (Sphaeriidae) 
Insects 
Corixidae 
Trichoptera 
Diptera 
Dytiscidae 
Belostomatidae 
Unknown 
Bird 
Turtle 
No . of Percent of 
Sam�e_s�. Samples 
11 50. 0 
8 36. 3 
2 9. 1 
2 9. 1 
1 4.5 
1 4. 5 
6 27. 3 
4 18. 2 
3 13. 6 
3 13. 6 
2 9.1 
2 9.1 
5 22. 7 
1 4 . 5  
I-' 
V1 
large male had eaten an adult mallard and small quantities of plant 
material and snails in July 1966. Fish eggs were sole stomach 
contents of a small male captured in June 1966, in a stream near 
Pipestone, Minnesota. 
16 
Some of the samples analyzed were composed of only one or two 
food items, indicating selective feeding. Other turtles had eaten 
as many as 12 different food items. Apparently snapping turtles 
consume almost anything readily obtainable, although plant materials 
and molluscs are probably staples. 
Movement 
Metal tags were the best marking technique since only 1 of 24 
tagged recaptures lost a tag. Toe-clipping was moderately successful 
but had a major disadvantage because turtles lost toes naturally. 
Routing numbers into carapace shields was not practical since it 
necessitated transport of each turtle to headquarters. Also, a 
pattern could have been easily overlooked since, without cleaning, 
algae and associated organisms attached to the carapace made the 
number difficult to read. There was no evidence of sloughing or 
scar formation which might have distorted or erased the pattern. 
Recaptured marked turtles provided information on gross movements 
within periods of one, two or three years (Table 2). A number of 
females were recaptured in one and two years at approximately the same 
location as originally captured and one individual marked in 1964, 
was recaptured in the same place in 1966 and 1967. Greatest distance 
17 
Table 2. Movements of turtles recaptured after at least one year. 
Turtle No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30  
31  
32 
33 
34 
Average 
Average/year 
Recaptured in same pool 
Time Elapsed 
(years) 
2 
1 
3 
2 
2 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
Airline Distance 
(miles) 
0.13 
1.00 
0.00 
0. 50 
1. 25 
1. 38 
0.00 
0. 25 
1. 75 
o.oo 
0.13 
0. 06 
0.19 
o.oo 
0.19 
0. 06 
0.63 
0. 50 
0.50 
1. 06 
0.25 
1. 13 
0.39 
0.50 
0. 39 
0. 00 
1. 06 
0. 25 
0. 00 
0.39 
0. 25 
0. 00 
0. 00 
0. 50 
0.43 
0.38 
f 18 
Table 2. (continued) 
Turtle No. 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
Average 
Average/year 
Average overall 
Average overall/year 
Recaptured in another pool 
Time Elapsed 
(years) 
3 
3 
2 
1 
1 
2 
1 
1 
1 
1 
1 
Airline Distance 
(miles) 
1. 25 
1. 50 
1. 50 
1. 50 
3.75 
2.00 
1.19 
1.00 
0. 88 
1. 00 
1. 88 
1. 59 
1. 26 
0. 69 
0. 57 
traveled by any turtle annually was 3.75 miles and mean annual 
distance moved per year of all turtles was 0.57 miles. Average 
annuc1l movements were considered insignificant, especially when 
compared with the mean distance moved per day (0.07 miles) by 
turtles recaptured in the same summer (Table 3). One female moved 
2. 11 miles in 10 days, although most traveled considerably less and 
many were recaught in the same location 4 to 6 days later. 
The majority of recorded movements occurred within the same 
water management area. Fifty-three percent of recaptures were on 
the dike on which they were originally marked . Seventy-four percent 
had not left the pool where they were marked, indicating very little 
movement between pools within the refuge. 
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Pell (1941) stated snapping turtles are territorial, a conclusion 
based largely on his trapping results. He rarely caught more than 
one turtle at a single trap location. Commercial trappers and trapping 
results at Lacreek indicated two or more turtles were often captured 
in one location, in one instance six in one trap in one night. Turtles 
appeared to move randomly within a refuge pool but infrequently 
crossed a dike in to another pool. The entire pool could be considered 
their home range, but since a large number of turtles often inhabited 
the same pool it seemed doubtful that any form of territoriality 
was present. 
Track counts and turtle captures at the Lake Creek outlet 
suggested 30-liO sexually-mature turtles m:iy enter each year. 
Table 3 .  Movements of turtles recaptured the same summer. 
Year No. of Time (days) Distance (miles) 
Turtles Mean Range Mean Range 
1965 1 4 1 . 08 
1966 37 4 . 29 0 - 1 0  . 38 0 - 2 . 11  
1967 24 3 .  5 .8 1 - 21 . 16 0 - . 71 
Mean 3 . 97 0 - 21 . 31 0 - 2 . 11 
Miles/Day 
Mean Range 
0 . 27 
. 07 0 - . 34 
. 06 0 - . 17 
. 07 0 - . 34 
N 
0 
Signif ican t numbers of hatchlings and immatures were not expected 
to enter from dmmstream ,  since they ,,,ere unab le to swim against 
a weak current .  Emtgra tion was not important : 
Hatchlings and immatures moved downstream from Elm Creek 
and the upper end of Lake Creek and were believed to be an 
important factor in turtle population growth on the refuge . Pell 
( 19 41 )  stated that smal l  snapping turtles l ived in small 
tributary streams and did not enter marshes and lakes until reaching 
maturity . Capture of very small turtles in both Lake Creek and Elm 
Creek support his statements . Furthermore ,  hatchl ing survival rates 
may be higher in these streams since fewer potential predators occur 
there than in the refuge . Although these small turtles may have 
contributed to maintenance and growth of the refuge population , they 
were probably produced by f emale turtles that migrated upstream to 
nest outside the refuge . 
Censusing Technique 
Nesting females display conspicuous behavior during the nesting 
season and a census of them was considered the most practical method 
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of obtaining a population index . Large numbers of males , and females 
during the remainder of each year , were not observed and no evidence of 
"sign" which migh t be used in censusing was noted . The only 
alternative census me thod might be counting destroyed nests ,  but  
mammalian pred .1 tor  popula tions must be known before evaluation of 
this ty pe of d a t. n  would be poss ible . 
Nesting seasons began about June 9 each year, although a nesting 
female was captured as early as June 5 in 1966. With the exception 
of 1967, no females were observed nesting after June 25. Activity 
peaks varied from year to year but the most intensive activity 
occurred between June 14 and June 20. In 1966, the highest number 
of tur t les captured per day was on June 14 and 15 and comparable 
dates for 196 7 ,.'ere June 18, 19, and 20 . Abnormally high precip­
itation and cool weather delayed nesting in 1967 resulting in nesting 
activities as late as June 30. 
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Nesting activity appeared to be influenced by air temperature 
and precipitation. Increased numbers of females e ngaged in nesting 
activities were associated with rising minimum air temperatures . 
Light precipitation coincident with or sligh tly preceding rising or 
high nigh t temperatures greatly increased total nesting activities 
(Table L,, Fig. 4). In general, highest nesting activity occurred on 
warm evenings with rain showers or a day or two after showers. Rain­
fall softened sun-bake d dike surfaces and exposed areas resulting in 
much easier digging conditions for nesting females. 
Daily activity patterns are also important in censusing turtles 
since nesting activity was highest during early morning and late 
evening. Of the females captured while engaged in nesting activities, 
911 percent were caugh t between 5 and 9 a. m. and 5 and 9 p . m. Sunrise 
at Lacreek Re fuge was at 4 : 02 a. m. and sunse t at 7 : 31 p. m. MST on 
June 15. 
Table 4 .  
Da te 
June 5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Relat ionship between turtle nes ting activity and weather conditions . 
1964  
Precip . Temp . 
(:i.n . )  
. 35 
. 36 
. 75 
. 49 
1 .  08 
. 06 
. OS 
. 85 
. 49 
. 42 
Max . 
- - - -- - � -
78 
73 
84 
82 
62 
70  
76  
80  
80  
7 5  
69  
84  
78  
76  
78  
7 4  
7 7  
68 
7 5  
88 
92 
93 
92 
91 
88 
87 
Min . 
50 
43  
54 
56 
42 
45 
53 
47 
55 
55 
55 
56 
62 
55 
47 
49 
56 
52 
47  
55 
60 
62 
60 
64 
61 
59 
Number 
Captured 
2 
4 
2 
6 
4 
1 
1965 
Precip . Ter.ip . 
(in . ) Max . Min . 
T 58 50 
7 4  44 
7 3  52 
70  46 
. 25 7 5  53 
. 28 68 57 
. 48 72 59 
7 5  55 
7 9  55 
80 55 
7 6  60  
7 4  60 
7 4  59 
. 11 81 59 
83  57 
80 50 
82 55 
80 53 
78 55 
. 36 80 58 
1 . 40  80 56 
. 28 83 53 
80 54 
. 63 80 55 
. 4 0 7 5  55 
80 53 
Number 
Captured 
2 
12 
4 
9 
7 
4 
1 
Table 4 .  (continued) 
1966 1967 
Date Precip . Temp . Number Precip . Temp . Number 
( in . ) Max . Min . Captured ( in . ) Max . Min . C::1ptured 
June 5 . 04 67 49  1 76 4 9  
6 7 2  39 . 45 7 7  52 
7 . 03 7 0  47 1 . 40 7 2  55 
8 . 02 57 46 . 10 73 so 
9 . 22 70  35 3 77  52 1 
10 83 49 14 . 65 
11  7 8  54  7 1 . 30 -- -- 2 
12 72 46 3 7 5  54 2 
13 7 4  43 5 . so 78  54 3 
14 80 48 22 . 60 7 9  56 15 
15 . 02 73  5 1  35 . 23 64 53 12 
16 72 42 5 . 35 69 48 9 
17 . 02 80 44  12 76  45  11 
18  85  54 14 82 55 22 
19 90 61 14  81 50 26 
20 99 64 8 . 35 73 52 26 
21 95 65 2 73 49 3 
22 . 65 89 64 3 74  47  8 
23 86 58  8 . 90 62 44 
24 8 7  61  1 63 43  3 
25 87  54 . 45 74  42 1 
26 80 42 80 51 
27 91 46 82 55  2 
28 99 61  . OS 80 56 2 
29 97 61  83  53  3 
30 . 02 92 69  . OS 89 56 2 
60 30 
50 20 
40 1 0  
60  30  
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� 0 
40  J.:.l 1 0  
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Thus, a generali zed censusing technique might be to dr ive 
transects twice daily , between 5 and 7 a . m . MST and between 6 and 
8 p . m . NST .  Counting should begin on approximately June 1 0  and 
continue until June 20 , recognizing that the most j ntense turtle 
activity may be expected to occur on warm evenings coincident with 
or following precipitation . Minor adj ustments of dates may be 
necessary in years of early or late springs. 
Variation in utilization of dikes and portions of each dike 
as nesting habitat was important in selecting transect locations for 
sampling the population on Lacreek Refuge . Disturbed areas around 
water control structures , r egions where dike repair had occurred or 
sandpiles resulting from channel dredging attracted large numbers of 
nesting females . The roadway upon each dike was heavily used if 
2 6  
other denuded areas were not available . Final nest locations wer e  
carefully chosen , as evidenced by much test digging b y  female turtles , 
but the actual nest location selected often was not visually 
dissimilar from rej ected areas . 
Dikes 6 ,  2 ,  5 ,  8 and 4 in descending order were the most heavily 
utilized dikes , consider ing total females captured throughout the 
nesting season (Table 5 ) . Dike comparisons on a turtle-captured-per­
day bnsis indicat ed that dikes 6 and 2 were preferred nesting areas .  
Compar isons of turtles cap tured per mile of dike suggested that dikes 
8 ,  4 and 2 were most practical for census of nesting females .  
Table 5 .  
Dike 
1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
E . C .  
Turtle nest ing ac t ivity on refuge dikes during 60 days of the 1964-19 67 
nesting seasons . 
Miles Turtles Captured Turtles /Day Turtles/Mile 
. 6 2 . 03 3 . 3 
1 .  7 65 1 .  08 38 . 2  
1 . 4  23 . 38 1 6 . 4  
1 . 1 . 47 . 78 42 . 7  
1 .  9 51 . 85 26 . 8  
5 . 4 7 2  1 . 20 13 . 3  
. 7  18 . 30 25 . 7  
1 . 1  50 . 83 45 . 5  
. 4  6 . 10 15 . 0  
. 4  . 2 . 03 5 . 0  
. 1  25 . 42 250 . 0 
N 
'-J 
Females cap tured on dike 2 were nesting primarily in sandpiles 
near the Lake Creek entrance . Dike 6 partially encircled a large 
pool (Pool 9 )  and had many denuded areas resul ting from dike r epair 
(Figure 1 ) . Dike repair also resulted in extensive bare areas on 
dike 4 .  Relatively large numbers of turtles captured on Elm Creek 
dike , along wi th observat ions of nesting females moving upstream 
in Elm Creek and Lake Creek , suggested that f emales tended to move 
out of the marsh and int o  smaller tributary streams in search of 
nest locations .  
Therefore ,  dikes 2 ,  3 ,  4 ,  7 and 8 can b e  recommended as 
represen tative and practical transects for censusing on Lacreek 
Refuge . Visual counts along these transects should include turtles 
observed on dikes , on nearby upland areas and in the wat er within 
25 yards of shor e .  Comparisons o f  totals seen each year with the 
estimated population presen t in l967 should provide an indication 
of population size as well as annual changes . 
Refuge Population 
Nesting females marked and released from 1964 to 1967  totaled 
311 . Twen ty- two were marked and released dur ing June 1964 , with two 
recap tured in 1965 , three in 1966  and four in 1967 . Of for ty-three 
females cap tured in 1965 , seven were recap tured in 1966  and four in 
196 7 .  Twe n ty- three o f  159  females marked i n  1966 ,-:ere recaptured 
during June 1967 . One female marked in 1964 , was recap tured in 1966 
and 1 96 7 .  
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Snapping tur t l e  populat ion on Lacreek Refuge , using the 
Schumacher and Eschmeyer (1943 )  procedur e ,  was est imated at 860 + 
60 sexua l ly mature females on the ar eas sampled . An e s t imate of 
the matur e  population was obtained by doub ling the number of 
females (860)  to include sexually mature males since th� sex rat io 
is approximately 50 : 50 (Mos imann and Bider ,  1960) . Thus , 1720 ± 
29  
120  tur t les were believed to exis t in the por tions o f  the refuge 
samp led . Extrapolation to  include areas not adequately sampled gave 
an e s t imate of 2415 sexually mature snapping turtles on Lacreek Refuge , 
approximately one tur t le per two acr�s of marsh . This popula tion 
est imate  does not include sexually immature indiv iduals . 
Al though this appeared to  be a large number o f  tur tles within 
the area , the carrying capacity of the marsh may be considerably 
higher . Large numbers  of  snapping turtles were r emoved by commercial 
trappers and through control programs in previous y ears . If control 
measures, carried out as late as 1963 , reduced the population below 
capacity, the populat ion may have been increasing d ur ing this s tudy . 
Produc t ivity 
Pel l (1941)  r epor ted tha t  the snapping turtle breed ing season 
occurr ed from Apr il  to October in New York and Hamilton (1940)  
conclud ed tha t breed ing act ivities in New York took p lace in early 
l-by . Two observations resembling published account s of br eed ing 
behavior were r ecorded during this s tudy . On June 30 , 1965 , a 
tur tle was ob� �rved lying on  top of an invert ed tur t le f loat ing 
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just below the surface. Vents of both turtles were closely appressed 
but a penis-like structure was not observed . The upper turtle (a 
mal e) was captured but the other turtle escaped and its sex was not 
determined. The second observation was along the shoreline of a dike 
on August 11, 1965. Both animals were erect, one on top of the other 
and vents were again opposed. The upper turtle was apparently 
attempting to subdue the lower by grasping its neck skin and holding 
its head motionless. While this behavior resembled descriptions of 
mating behavior, dissection revealed both were males. 
Three instances of violent fighting between males, one in June 
and two in July 1966, were observed . Vicious biting and tearing, with 
consequent bleeding from numerous skin lacerations, were apparent in 
these encounters but lacking in the two observations previously 
described . 
The nesting season at Lacreek extended from June 5 - 30 with some 
yearly variation, and activity peaks occurred from June 14 - 20 (Figure 
5). Larger, older females apparently nested earlier in the season 
than did smaller, younger females (Table 6) . The smallest female 
captured while nesting weighed 9. 0 pounds and had a carapace length 
of 10. 0 inches, while the largest weighed 23 . 5  pounds with carapace 
length of 14. 63 inches . The total female population on Lacreek Refuge 
capable of laying eggs was estimated at 1200 ind ividuals. 
Intensive searching for turtle nests resulted in a total of 108 
nests und er observation during th :is stt1dy. "Mammalian prcdato1:s 
Table 6. Relationship between body size and nest ing dates of female snapping turtles .  
Date Carapace Length (in. ) No. Captured 
Mean Range 
June 9 - 14 13 . 01 10. 50 - 14. 80 75 
June 15 - 20 12. 28 10. 00 - 14. 55 124 
June 21 - 23 11 . 8 2  10.50 - 13.00 16  
(.,.) 
I-' 
destroyed 44 percent when nests were first preyed upon (Table 7 ) . 
Ten percent were preyed upon more than once before all eggs were 
destroyed and nests in which only some of the eggs were destroyed 
comprised 12 percent of the total. Twenty-five percent of the nests 
escaped destruction by predators or dike repair . Considerably more 
nests were destroyed by predators during the 1966 nesting season 
(61 percent) than during the 1967 season (41 percent) . Abnormally 
high rainfall the second year seemingly inhibited nest detection 
by predators as well as by the author . 
Skunks destroyed one-fourth of nests observed on d ikes (Table 
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8) . Twenty-two percent of  destroyed nests were attributed to raccoon 
predation and mink destroyed nine percent. Predator species involved 
in the remaining five percent were not determined . A high correlation 
existed between nest concentration and predation levels . Dikes having 
the highest number of nests per mile of dike also had the highest 
percentages of nests destroyed (r = . 9995). Little difference in 
this respect was noted between predation by skunk (r = .9945) , mink 
(r = . 92 24) or raccoon (r = . 9987) . 
Twenty-three turtle nests were boxed to obtain information on 
fertility and success of hatchling emergence. Predators destroyed 
four of  these nests by digging under the box and entering through 
improperly wired screen tops . A nest boxed in June 1965 was destroyed 
by a predator in April 1966, and another boxed in June 1966 was 
destroyed in October . Two nests were boxed in June 1966 and destroyed 
in M.:1y 1967 . 
t 
i 
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Table 7. Results of marked nest observations . 
1966 
Total completely destroyed 49 
Init ially 37 
Secondarily 7 
Total not completely destroyed 26 
Partially destroyed 11  
Not d isturbed 15 
Marker Lost 3 
Total Nests Observed 79 
1967 Total 
11 60 
8 45 
3 10 
11 37 
1 12 
10 25 
2 5 
24 102 
Percent of Total 
58. 8 
44. 1 
9 . 8  
36 . 3  
11 . 8  
24. 5  
4 . 9 
100 . 0  
w w 
Table 8 .  Turtle nest predators and predation levels on refuge dikes . 
D j.ke 2 . 3 4 5 6 7 8 
Hiles 1 .  7 1 .  4 1 . 1  1 .  9 5 . 4  0 . 7  1 . 1  
Predator 
Skunk itl4 (2) 0 (0 )  22 (2) 24 (8 ) 23 (5)  50 (2) 17 (1 ) 
Hink 7 (1) 0 (0) 11 (1)  29 (10) 14 (3) 0 (0) 0 (O) 
Rnccoon 29 (4)  0 (0 )  22 (2) 21 ( 7 )  23  (5 ) 0 (0 )  0 (0 )  
Unknown ( 3) (O )  (0 ) (O)  (3)  (0 ) (O)  
Total 7 1 (10) 0 (0 )  5 6 (5 ) .  74 (25 ) 7 3  (16)  50 (2) 17 (1) 
Not Destroyed 4 0 4 9 6 2 5 
Total Nests 14 0 9 34 22 4 6 
�es ts/Mile 8 . 3 o . o 8 . 2  1 7 . 9 4 . 0  5 . 7  5 . 5  
Correlation Analysis 
Nests/Mile and number of Nests Destroyed - r = . 9995  
Nests/Mile and number Destroyed by Skunk - r = . 9945 
Nests/Mile and number Destroyed by Mink - r = . 9224 
Nests/Mile and number Destroyed by Raccoon - r = . 9987 
9 
0 . 4  
33 (1)  
0 (0 )  
33 (1)  
(0)  
66 (2) 
1 
3 
7 . 5  
* Percent of t otal destroyed nests  on each dike and actual number destroyed 
E . C .  
0 . 1 
18 (2) 
9 (1) 
46 (5)  
(1)  
82 (9 )  
2 
11  
110 . 0 
· , ..... � · �·�v·4JJIIII 
Total 
(23) 
(16) 
(24 ) 
( 7 ) 
(70)  
33 
103 
w 
.p.. 
Figure 5 .  Nesting turtle laying eggs on a dike road . 
Figure 6 .  Hatchling snapping turtles shortly after emergence . 
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Apparent incubation periods ranged from 91 to 125 d ays but this 
may be in error since eggs in experimental nests often hatched 10 
to 15 days before hatchlings emerged from the nests . The number of 
eggs per nest of 108 marked nests ranged from 3 1  to 87 with a mean 
of 49. Nearly all eggs (93 . 5  percent) in 20 of 22 boxed nests 
hatched, but only 8 of  22 nests produced hatchlings (Table 9) , 
an average emergence success of 19 . 8  percent. Hatchlings emerged 
from one nest in 1964 and 4 of 7 nests in 1965, years with very hot 
summers . Cooler summers in 1966 and 1967 probably caused longer 
incubation times resulting in few hatchlings emerging from 3 of 12 
nests in 1966 and none from two nests in 1967. 
Most hatchlings appeared on the sur face shortly after rainfall 
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softened the ground, enabling them to d ig out of the nest (Figure 6) . 
Hatchlings which d id not emerge before the onset of cold weather 
d ied in the nests. Average frost depth was considerably below the 
deepest portion of any nest observed. Hatchlings found dead in some 
nests the following spring apparently had starved before freezing 
temperatures penetrated the nest. · They were either unable to. d ig out 
of the nest the previous fall or would not d ig upward if the ground 
surface was cooler than the nest, as suggested by Bleakney (1963) . 
Data on hatchling mortality rates were obtained from the "natural" 
pen. Although potential predators were removed before small tur tles 
were introduced , two snapping turtles, a few muskrats and numerous bull-
frogs had enter ed the poo] the following spring. These were removed 
Table 9. Results of boxed nest observations . 
Year No . of Hatchlings Batched But 
Nes ts Emerged Not Emerged 
1964 1 40 1 
1 965 7 23 . 8  22 . 9  
1966  12 1 .  8 52 . 2  
1967  2 0 . 0 42 
Mean 9. 5 39.6 
Total Hatchability 
Eggs 
41 100 . 0  
44 . 7  7 5 . 7 
54 . 8  99. 2  
63 66 . 6  
53 . 5  93 . 5  
Emergence 
Success 
97 . 6  
34 . 6  
4 . 0  
0 . 0  
19. 8 
w 
"-J 
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in early June and control measures continued throughout the summer. 
When the pond was pumped dry in mid-August 1967, two of the 78 
hatchlings (now yearlings) and one of the six yearlings (now two 
years old) i·:ere recaptured. The latter was probably more similar 
in size to a three-year-old because of the long growing season and 
abundance of food in the aquarium where it was held the first 
year . Therefore, losses recorded in this group were considered more 
representative of the third year class. Population losses would 
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probably be similar or slightly less during the fourth year and would 
decrease thereaf ter. 
Losses in the pen were undoubtedly caused by many factors, but 
predation may have been important. Hamilton (1940) believed that 
skunk, raccoon and fox (Vulpes fulva) preyed heavily on hatchlings . 
Mink, muskrats, larger snapping turtles, bullfrogs, herons and 
bitterns may also have preyed upon them at Lacreek. Other mortality 
factors may have contributed to some exrent. Hatchlings kept in an 
aquarium with a water depth of six inches drowned unless dense 
vegetation was present . Swimming ability during the first four or 
five months of life was so limited that indivj duals straying more 
than four or five inches from vegetative supports in deep water 
promptly drO\-med . In addition , small minnows and aquatic insects 
were too elusive for hatchlings to capture even in shallow water 
(1-2 inches) until hatchlings were about four months old .  Older 
hat chlings and yearlings swam well enough to capture mi nnows and 
in sec ts and to avoid drO\·ming. 
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Apparently , hot  summers and precipitation in early f all are 
essent ial to the success of tur tle nes t s  on Lacreek Ref uge . Numbers 
of hatchlings produced under f avorable clima t ic conditions from nes ts 
escaping predation will be grea tly reduced by drowning , s tarva t ion and 
predation .  I.asses cont inued high through the third year class a s  is 
shown in the following : 
1200 females - 50 eggs/ nest - resulting in - 60 , 000 eggs 
nes ts des t royed - 60 % resulting in - 2 4 , 000  eggs 
emergence s uccess - 20% result ing in - 4 , 800  hatchlings 
loss f ir s t  year - 9 7% resulting in - 144 hatchlings 
loss second year - 90% resulting in - 14 hatch lings 
loss  third year - 83% resulting in - 3 hatchlings 
I f  s imilar losses are sus tained each year , the annual incremen t 
is very small; b u t  with a relat ively long-lived species , perhaps this 
is sufficient f or populat ion growth .  On the o ther hand , adverse 
conditions presen t  dur ing th is  s tudy may not be present every year . 
Perhaps only one year of ideal climatic cond itions out o f  f ive or 
even ten would allow maintenance or an increase in the popula t ion . 
Growth and Age 
Size measuremen ts of 351 tur t les indicated males were larger than 
females (Table 10) . Average carapace length for males was 1 3 . 1 9  inches 
and 12 . 56 inches for females . Males on the average weighed 4 pounds 
more than f emal es . Precloacal distance was one inch greater  than the 
Table 10 . Size measurements of snapping turtles captured on Lacreek Refuge . 
Criterion 
Male 
Carapace Length 
Carapace Width 
Plastron Length 
Plas tron Width 
Pos terior Lobe of Plastron 
Precloacal Dis tance 
Weight 
Female 
Carapace Length 
Carapace Width 
Plas tron Length 
Plastron Width 
Posterior Lobe  of Plastron 
Precloacal Distance 
Weight 
Mean 
13.19 inches 
14 . 52 
9 . 68 
11 . 12 
4 . 43 
5 . 6 6  
20 . 80 pounds 
12 . 56 inches 
13 . 84 
9'. 7 2  
10 . 48 
4 . 54 
3 . 54 
16 . 20 pounds 
Range Sample Number 
8 . 75 - 17 . 0  37 
9 . 25 - 19. 0 37 
6 . 5  - 12 . 0  37 
7 . 63 - 12 . 5  37 
3 . 25 - 5 . 5  37 
3 . 25 - 8 . 0  37 
5 . 5 - 40 . 1  37 
10 . 0  - 15 . 13 291 
11 . 88 - 16 . 0  292 
7 . 75 - 11 . 2  290 
9 . 0 - 12 . 4  290 
3 . 4  - 5 . 3 259 
3 . 0 - 4 . 0  284 
9. 0 - 27 . 0  291 
.J::'-
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length of the posterior lobe of the plastron in males and one inch 
less in females. Observations and dissections, as well as these 
measurements , support the validity of the sexing technique developed 
by Mosimann and Bider (1960). 
Six hatchlings in an aquarium showed lit tle size increase 
the first 3 months (Table 11, Figure 7). Body size increased 
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slightly during the fourth month and considerably each month following 
paralleling food consumption which was low unt il the fifth month, 
even though food was abundantly available . Carapace length  at eight 
months was 2 . 66 inches and body weight 0. 18 pounds . T<.,;,o hatchlings 
kept in the "natural" pen for a year had carapace lengt hs of 1. 8 
inches and weighed 0.06 pounds. A 2-year-old that spent the first 
year in an aquarium and the second in the natural pen had a carapace 
length of 3. 16 inches and weighed 0. 25 pounds a t  the end of the 
second year. However, abundant food and an ex tended growing season 
the f irst year probably caused its  size to be similar to that of 
a 3-ycar-old turtle raised under natural conditions . Average annual 
increase of mature females was 0. 16 inches in carapace length, 0. 14 
inches in plastron length  and 0. 65 pounds in body weight (Table 12) . 
Measurement of recaptured tur tles indicated that younger 
individuals grew relat ively more than did older ones, supporting 
the assumpt ion that a sigmoid growth curve occurs in this species. 
Dietlein (Pers. comm. , 1966) repor ted an 8-inch increase in length 
Table 11 .  Growth of hatchling snapping turtles kept in an aquarium . 
Date Weight Carapace Carapace 
(gms)  Length Width 
(mm) (mm) 
Oct .  11 9 . 0 
Oct . 16  10 . 0  29. 0 35 . 0 
:\OV , 6 10 . 0  29 . 0 25 . 0 
Jan . 8 12 . 0  34 . 0  39. 0 
Jan . 26  16 . 0  36 . 0  4 2 . 0  
Feb . 1 3  2 2 . 5 45 . 0 4 7 . 5  
Feb. 26 30 . 3  48 . 0 49 . 8 
:-iar . 13 37 . 0  50. 3  53. 5 
:!ar . 27 4 2 . 2 53 . 2  57 . 8  
April 10 46 . 5  54 . 8  61 . 0  
Apr il 24 57 . 5  60 . 2  64 . 3  
May 15 71 .  0 64 . 5  69 . 8 
Hay 29 81 . 5 67 . 7  7 2 . 7 
Plastron 
Length 
(mm) 
20 . 0  
20 . 0  
23 . 0  
25 . 0 
29. 0 
3 2 . 1  
35 . 3  
38. 2 
39 . 8 
4 2 . 1  
45 . 2 
47 . 7  
Plastron 
Width 
(mm) 
28 . 0 
28 . 0 
34 . 0  
37 . 0  
44 . 0  
48 . 0  
50 . 5  
53 . 7  
57 . 1  
60 . 0  
64 . 7  
67 . 3  
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Fig . 7 .  Growth o f  capt ive hatchl ing turtle s . � w 
Table 12. Size increases in turtles recaptured after 1, 2, and 3 years. 
No. of Carapace Plastron 
Turtles Length Length  
(in. ) (in. ) 
1 year 24 0. 16 0. 13 
2 years 7 0. 31 0. 46 
3 years 4 0.35 -
Mean increase/year 0. 16 0. 14 
Weight 
(lb . )  
0 . 67 
1. 38 
0.99 
0. 65 
.i:,. 
.i:,. 
in 9 years in the National Zoological Park . Hatchli ngs measuring 
l!z inches in length wer e obtained in September 1957 , and length had 
increased to 9!z inches by July 1966 . 
Turtles weighing between 10 and 20 pound s comprised 80 percent 
of the turtles captured at Lacreek . The largest one weighed 40 . 1  
pound s .  A 68-pound turtle caught by a commercial trapper on 
Valentine Refuge in Nebraska was the largest known individual 
captured from natural conditions (Peabody , per s .  comm . , 1967 ) . Pell 
(194 1 )  reported that a snapping turtle kept in a "swill barrel" 
reached 86 pound s .  
Investigations into a possible aging technique were directed 
toward counting ring-like formations in the keratinized outer 
covering of the carapace and in portions of the skeleton . "Rings" in 
the carapace shield s were counted on six turtles captur ed in 1964 
and on 160 turtles captured in 196 6 .  Rings were easily counted on 
small turtles but difficult to count on large turtles because the 
rings were located very close together in the outer margins of each 
shield . Accurate determinations 'were extr emely difficult on large 
turtles whether the shield was removed from the carapace or counting 
was done on a live turtle . Ring counts were identical on one turtle 
captured in 1964 and recaptured in 1966 . 
The basic assumption underlying similar aging techniques with 
fish and trees is  that a period of reduced growth occurs during each 
year . Since this assumption would seem to be  valid for snapping 
tur tles also , ring-like formations in the carapace shields and in 
bony materials were believed to have been annuli . Mattox (193 6 )  
noted a correlat i on between the number o f  r ings in the long bones 
and the size of a tur tle (Chrysemys marginata) . He d id not a t tempt 
a correlat ion with age and his technique for d emonstrat ion of r ings 
was exceedingly t ime-consuming . Dobie (1966)  could not establish 
a correlation between the number of r ings in ver tebrae and / or 
lower j aws with shield r ings or body size of alligator snapping 
turtles (Macroclemys temmincki) . Ee conclud ed that shield r ings 
wer e valid age ind icators and a t tempt ed to d er ive a growth curve 
from measurements of shield inter-ring d istances . 
Development of a practic_al method f or r ing d emonstra t ion was 
moderately successful . Ring-like f ormations wer e evident in most 
long bone sections upon microscopic examination with transmit t ed 
light either before or after staining (Figure 8 and 9 ) . Numbers 
of r ings found in numerous bones and in por tions of the plastron 
and carapace wer e  similar in any 03e ind ividual . 
Comparison of bone ring counts  with body measurements ind ica t ed 
high correlat ion , r = . 7 010 to . 9418 (Table 13 ) . Plot t ing these 
var iables r esul ted in a classical growth curve (Figure 10) . 
Compar isons of the slope of this line (b 0 . 45 inches) with the 
average annual increase in carapace length of recaptured adults 
suggested that this curve is similar to the actual growth curve of 
snapping tur tles . Average distances between each r ing when plot ted 
produced a simila r but inverse curve (Figur e 11) . Comparisons of 
Figure 8 .  Annuli in cross sect ion of a snapping turtle femur . 
Figure 9 .  Apparatus used to obtain cross sect ions of bony 
material . 
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Table 13. Comparison of relationshi.ps between annuli counts 
from long bones and annuli counts from carapace 
shields with body size. 
Correlation coefficient (r) 
Bone annuli Shield annuli 
Carapace length . 9418 . 67 97 
Carapace width . 7265 . 6784 
Plastron length , 7317 . 6286 
Plastron width . 7 010 . 6233 
Post . lobe of plastron . 7218 . 5777 
Precloacal distance . 7305 . 3512 
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Table 14 . Average percent change in dis tance between annuli in 
turtle f emurs .  
Annuli Percent 
0 - 1 
1 2 
2 - 3 
3 4 
4 5 
5 - 6 
6 7 
7 - 8 
8 - 9 
9 - 10 
10 - 11  
11  - 12 
12 - 13 
13 - 14 
14 - 15 
15 16 
16 17 
of radius  
24 . 3  
24 . 8  
18 . 7  
14 . 1  
11 . 1  
8 . 5  
6 . 3  
5 . 3 
5 . 8  
6 . 0  
5 . 2 
4 . 6 
3 . 7  
2 . 9 
2 . 9 
2 . 5 
2 . 5 
Sample No . 
12  
12  
11  
11  
8 
7 
5 
4 
2 
2 
2 
1 
1 
1 
1 
1 
1 
4 9  
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shield ring counts with all measurements of  Lacreek turtles yielded 
low corr elations , r = . 3513 to r =  . 6797  (Table 13 ) . Consequently 
the valid ity of an aging technique based on shield rings appears 
doubtful , especially in older turtles . 
Difficulty in counting rings in shields of large turtles and 
rings in long bones of  small turtles suggested that one method may 
be practical for small and the other for large specimens, although 
f urther investigation is necessary . Verif ication of  r ing counting 
as an aging technique will , unfortunately , require years of study . 
Conant (pers . comm . , 1 966 )  reported that a t urtle weighing 28 pounds 
in 192 6 ,  weighed 5 3  p ounds at death in 1956 . It must have been at 
least 10 and perhaps 20  years old in 1926  suggesting that this 
individual was between 40 and 50 years old at d eath . 
5 1  
CONCLUSIONS 
Plant materials and molluscs were important food items of 
snapping tur tles during June and July on Valentine National Wildlife 
Refuge in northern Nebraska . Although bird and fish remains were 
found in stomach contents, limited collection periods and small 
samples preclude evaluation of their importance in snapping turtle 
diets. Definition of food habits will require a much larger sample 
collected in all months of the year when turtles are active, and 
results obtained will probably be applicable to only the inunediate 
collection area, since food habits are influenced by availability. 
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Average annual movements and movements within a single summer 
were small and indicated that very little overland movement occurred. 
Most marked turtles remained within a single refuge pool during this 
study. However, movements of immigrating hatchlings and small 
immatures from upstream and lar·ger turtles from downstream were 
probably more extensive . Emigration was not considered significant. 
Consequently, if a control program is desirable at some future time, 
it should include measures designed to prevent inunigration. 
Reproduction within the refuge did not contribute significantly 
to maintenance and growth of the population. Adverse climatic 
conditions apparently precluded hatchling emergence in 1967 and 
hindered it in 1965 and 1966. However, emergence success was not 
high even when climatic conditions were apparently favorable . 
Manunalian predators des troyed over half of the turtle nests on the 
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refuge . Clima t ic cond it ions in 1967 lowered preda t ion rates although 
cool tempera tures throughout the summer prevented an increase in 
emergence success .  Mor tal i ty f actors removed a high percentage of  
hatchlings the f ir s t  year and mortality ra tes wer e only sligh tly 
lower dur ing the second and third year of lif e .  Since refuge 
production was cons id ered ins ignificant , popula t ion growth was 
believed to be dependent on immigrat ion . Adult tur tles moving into 
the area from d owns tream and immigrat ion of imma tures from upstream 
probably cont r ibu ted more to the adult popula t ion than d id 
reproduct ion with the area . 
Favorable tempera ture and precipita t ion cond i t ions in one out 
of f ive or even ten years could possibly r esult in enough hatchlings 
to maintain a p opulation of snapping tur tles . 
Capture - recap ture of nesting females was considered a 
reasonably accurat e  method of populat ion estimat ion . The populat ion 
es tima te was approximately 2400 mature tur t les or roughly one t ur tle 
per two acres of  marsh , bu t carrying capacity might be higher since 
this population may have been in�reas ing while the s tudy was in 
progress . 
Fut ure counts  along specified transects  during the height of  the 
nest ing season should result in values tha t may be rela ted to  
popula tion es tima tes made during this s tudy . 
Annual size increa ses were large in young t ur tles but small in 
older ind ividuals , ind ica t ing tha t growth follows a sigmoid curve . 
Potential longevity apparently exceeds 40 and perhaps reaches or 
exceeds 50 years , although average longevity is probably 30 to 
35 years. 
Ring-like formations believed to be annuli were demonstrated 
in carapace shields and in bony materials . Rings were most easily 
counted in long-bone sections of larger turtles and carapace shields 
of smaller individuals. Verification of shield and/or long-bone 
ring counting will require prolonged, intensive study but should 
furnish more information on growth rates and longevity , 
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